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KLICKITAT 


EVENT  DESCRIPTION 


DATE : 


20  February  1964 


TIME  OF  ORIGIN:  15:30: 00. 1Z 

YIELD: 

MAGNITUDE:  4.95  +  0.40 

LOCATION: 

Site:  Nevada  Test  Site  -  Area  UlOe 


ENVIRONMENT: 


Geographic  Coordinates: 
Lat:  37°09 1 03"  N 

Long:  116O02,24M  W 


Geologic  Medium: 
Surface  Elevation: 
Shot  Elevation: 
Shot  Depth: 


Tuff 

4266  Feet 
2641  Feet 
1625  Feet 


COMPUTED  EPICENTER:  All  Stations 


Geographic  Coordinates: 
Lat:  37°08 ’ 46"  N 

Long:  lie^'CS"  W 


Time  of  Origin: 
Deptn: 

Epicenter  Shift: 


15: 30: 04. 9Z 
41  Km 

6.9  Km,  N  266°  E 
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Cod*> 

Station 

Pinal 

spz 

SPR 

SPT 

LPZ 

LPR 

LPT 

Tape 

Timing 

CU-NV 

Currant ,  Nevada 

♦ 

♦ 

♦ 

> 

4 

4 

• 

P 

EK-NV 

Eureka,  Nevada 

♦ 

♦ 

♦ 

♦ 

4 

4 

• 

P 

HN-NV 

Mina  Nevada 

♦ 

4 

♦ 

♦ 

4 

4 

• 

P 

KM -CL 

Kramer,  California 

♦ 

♦ 

♦ 

♦ 

4 

4 

• 

P 

KN-UT 

Kanab.  Utah 

♦ 

♦ 

♦ 

► 

4 

4 

• 

P 

CP-CL 

Campo.  California 

♦ 

♦ 

♦ 

4 

4 

a 

P 

TP  SO 

Tonto  Poreat 

o 

Obaervatory,  Arizona 

r 

ax-ur 

Blandinq,  Utah 

♦ 

♦ 

♦ 

♦ 

4 

4 

• 

P 

UBSO 

Uinta  Basin 
obaervatory.  Utah 

♦ 

4 

♦ 

♦ 

4 

4 

* 

P 

DR-00 

Durango,  Colorado 

♦ 

♦ 

♦ 

♦ 

4 

4 

• 

P 

HL-ID 

Hailey,  Idaho 

♦ 

♦ 

♦ 

♦ 

4 

4 

• 

P 

PI-MY 

Pinedale,  Wyoming 

♦ 

♦ 

♦ 

N 

N 

N 

• 

P 

BMSO 

Blua  Mountain 

• 

•a 

Obaervatory,  Oregon 

r 

LC-MM 

Laa  Crucea.  New  Mexico 

♦ 

♦ 

♦ 

4 

I 

• 

B 

tn~m 

Raton,  Nav  Mexico 

4 

♦ 

♦ 

4 

4 

4 

• 

P 

TR-MA 

Porayth,  Montana 

♦ 

♦ 

4 

4 

+ 

4 

a 

P 

AZ-TX 

Amarillo,  Texas 

? 

♦ 

4 

4 

4 

4 

• 

P 

TK-MA 

Tonasket,  Waehington 

4 

♦ 

♦ 

4 

4 

4 

• 

P 

SK-TX 

Shamrock,  Taxaa 

♦ 

♦ 

♦ 

4 

4 

» 

* 

P 

CI-MA 

Glendive,  Montana 

♦ 

♦ 

♦ 

4 

4 

- 

e 

P 

MM  SO 

trichit  a  Mountain 
obaarvatory,  Oklahoma 

♦ 

4 

♦ 

4 

4 

4 

• 

P 

RY-ND 

Itydar,  North  Dakota 

♦ 

■t 

♦ 

- 

- 

- 

• 

P 

GV-TX 

Grapevine,  Tex a a 

- 

- 

*r 

N 

N 

• 

P 

DU -OK 

Durant,  Oklahoma 

♦ 

♦ 

4 

4 

4 

- 

• 

P 

HH-ND 

Hannah,  North  Dakota 

♦ 

♦ 

♦ 

4 

4 

- 

a 

P 

HE-TX 

Damp at ad,  Taxaa 

♦ 

♦ 

- 

N 

N 

N 

• 

S 

EB-MT 

Eaat  Braintrae,  Manitoba, 

• 

(• 

Canada 

r 

JE-LA 

Jena.  Louiaiana 

- 

- 

- 

4 

• 

P 

RK-ON 

Red  Laka,  Ontario,  Canada 

♦ 

♦ 

4 

I 

- 

- 

• 

P 

EU-AL 

Eutaw,  Alabama 

- 

- 

4 

4 

- 

- 

• 

s 

CPSO 

Cumberland  Plateau 

Observatory,  Tenneaaee 

♦ 

♦ 

♦ 

4 

4 

♦ 

• 

p 

BL -MV 

Berkley,  Moat  Virginia 

♦ 

- 

- 

- 

- 

- 

• 

p 

BR-PA 

Berlin,  Pennaylvania 

♦ 

♦ 

- 

- 

• 

p 

DH-NY 

Delhi,  New  York 

♦ 

- 

- 

- 

- 

- 

• 

p 

LS-HH 

Liabon,  Naw  Hampshire 

- 

- 

- 

a 

p 

HN-ME 

Houlton,  Maine 

♦ 

- 

- 

- 

• 

p 

HW-IS 

Kamuela.  Hawaii 

- 

- 

- 

- 

- 

• 

p 

NP-NT 

Mould  Bay,  Northweat 
Territorial,  Canada 

♦ 

- 

- 

- 

- 

• 

p 

GK-Ct/ 

Guantanamo,  Cuba 

- 

- 

- 

- 

- 

- 

• 

p 

PZ-PR 

Ponce,  Puarto  Rico 

V 

- 

- 

- 

- 

- 

• 

p 

LZ-IJV 

La  Paz.  Bolivia 

♦ 

- 

- 

* 

p 

OO-NW 

Oalo,  Norway 

• 

- 

- 

- 

- 

• 

p 

SB  -CR 

Grafanberg,  Garmany 

- 

- 

- 

- 

_ 

- 

• 

p 

I  Inoperative 
N  Mo  Instruments 

P  Primary  Timing 

8  Secondary  Timing 


?  Quaationabla  Signal 

♦  Signal 

-  No  Signal 

*  Magnatic  Tape  Available 


Station  Status  Report  -  KLICKITAT 


Table  1 


HO*  IO«»  IOO*  *0»  »*  «0* 


Recording  Stations  and  Signals  Received 


UnMliiiiftWn  niniiitii  iiniiiin'r  . *■'« . 


Introduction 


A  long  range  seismic  measurements  (LRSM^  program  was 
established  under  VEUWTNIFORM  to  record  and  analyze  short- 
period  and  long-period  data  from  a  planned  series  of  U.  S. 
underground  nuclear  tests.  These,  and  other  data,  will  be 
used  by  VELA-UNIFORM  participants  for  studying  and  develop¬ 
ing  methods  for  distinguishing  between  explosive  and 
earthquake  sources . 

The  purpose  of  th\s  report  is  to  provide  an  analysis 
of  data  resulting  from  the  KLICKITAT  event  from  the  LRSM 
film  seismograms  from  operating  mobile  field  teams;  Wichita 
Mountain  Observatory,  Oklahoma  (WMSO) ,  Uinta  Basin  Observa¬ 
tory,  Utah  (UBSO) ,  Blue  Mountain  Observatory,  Oregon  (BMSO) , 
Cumberland  Plateau  Observatory,  Tennessee  (CPSO) ,  and  Tonto 
Forest  Observatory,  Arizona  (TFSO) ;  and  from  several  experi¬ 
mental  or  temporary  stations  operated  in  connection  with 
other  research  programs. 

Instrumentation  and  Procedure 

Instrumentation  at  each  of  the  mobile  stations  con¬ 
sists  of  three-component  short-period  Benioff  and  three- 
component  Sprengnether  long-period  seismographs.  Data  are 
recorded  on  35  millimeter  film  and  on  one-inch  14-channel 
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magnetic  tape.  All  of  these  stations  are  equipped  to  record 
WWV  continuously  in  order  to  provide  accurate  time  control. 
Calibration  is  accomplished  once  each  day  and  just  prior  to 
each  shot  at  operating  settings.  Specific  details  of  the 
instrumentation  and  operating  procedures  for  these  stations 
are  given  in  Field  Manual,  Long  Range  Seismic  Measurement 
Program,  Technical  Report  No.  63-17,  which  can  be  obtained 
from  the  Geotech  Division  of  Teledyne  Industries,  Inc., 

Dallas,  Texas.  All  the  observatories  have  both  long-period 
and  short -period,  three-component  instrumentation  in  addition 
to  their  other  specialized  facilities. 

Station  site  information  is  presented  in  Appendix  1(A). 
This  includes  the  station  name  and  code;  the  geographic  co¬ 
ordinates,  distances  and  azimuths  involved;  the  station  ele¬ 
vations;  and  the  type  of  instruments  in  use  at  each  location. 

A  status  report  for  KLICKITAT  is  included  in  Table  1, 
placed  opposite  the  operations  map,  Figure  1.  This  report 
gives  the  names  of  43  stations  and  indicates  which  instruments 
were  operational  and  which  recorded  usable  signals. 

An  explanation  of  the  procedure  for  amplitude  measure¬ 
ments  used  in  this  report  is  illustrated  in  Appendix  II.  The 
unified  magnitude  (m)  computations  for  distances  less  than 


-  3  - 


16°  are  based  on  AFTAC/VSC  extensions  of  Gutenberg's  Tables*. 

For  this  purpose,  points  from  10°  to  16°  were  read  from  a 
curve  in  the  Gutenberg-Richter  paper  and  an  inverse  cube  re¬ 
lationship  was  used  to  extrapolate  from  two  to  ten  degrees. 

A  table  of  the  distance  factors  (B)  is  provided  in  Appendix  1(B). 

Appendix  III  quotes  the  Technical  Working  Group  II 
(TWG  II)  first  motion  criteria,  and  includes  diagrams  illus¬ 
trating  the  elements  involved  in  determining  a  compression  or 
rarefaction  where  satisfactory  measurements  can  be  made. 

A  standard  hypocenter  location  program  for  a  digital 
computer  has  been  used  to  determine  the  location  using  data 
from  all  stations  analyzed.  Best-fit  values  of  latitude, 
longitude,  depth  of  focus,  and  time  of  origin  are  determined 
statistically  by  a  least  squares  technique.  This  utilizes  a 
Jef freys-Bullen  travel-time  curve  as  modified  by  Herrin  in 
1961  on  the  basis  of  Pacific  surface-fccus  recordings.  Pre¬ 
cision  of  the  computation  is  limited  primarily  by  the  accuracy 
of  arrival  times,  the  validity  of  the  standard  travel-time 
curve,  and  1;  local  velocity  deviations.  Since  the  method  is 
based  on  P  wave  arrivals,  this  particular  program  does  not 

-  4  - 


♦Gutenberg,  B.  and  Richter,  C.  F.  Magnitude  and  Energy  of 
Earthquakes ,  Ann.  Geofis.,  9  (1956),  pp.  1-15. 


make  use  of  later  phases  such  as  pP  and  S  in  the  determination 
of  depth  or  location.  Results  are  shown  on  the  Event  De¬ 
scription  page. 

Data  and  Results 

Table  2  summarizes  the  measurements  made  of  the  princi¬ 
pal  phases  from  the  KLICKITAT  event .  Included  are  the  Pn 
and  P  arrival  times,  the  maximum  amplitudes  (A/T)  of  Pn  or 
P  and  Pg  motion  as  seen  on  the  short-period  verticil  instru¬ 
ments,  and  the  maximum  amplitudes  (A/T)  of  the  Lg  phase  as 
measured  on  the  short-period  horizontal  tangential  component. 
Long-period  Love  and  Rayleigh  wave  motion  are  also  tabulated 
in  (A/T)  form.  Thirty-five  stations  recorded  short-period 
signals.  Long-period  signals  from  this  event  were  recorded 
by  twenty-six  stations. 

In  addition.  Table  2  and  Figure  2  show  the  unified 
magnitudes  (m)  where  measurable.  The  average  magnitude  for 
KLICKITAT  is  4.95.  PZ-PR  with  an  anomalies  magnitude  of 
6.12  is  net  included  in  this  average  nor  in  Figure  2  for 
A  >  16°.  Nine  stations  show  compressional  first  motion  as 
defined  by  the  First  Motion  Criteria  (TWG  II). 

The  travel-time  residuals  from  the  Pn  and  P  phase 
arc  within  the  usual  limits  (see  Figure  3).  The  amplitudes 
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of  Pn  ^nd  P,  Pg  and  Lg  are  shown  in  Figures  4,  5  and  6. 

Lines  proportional  to  the  inverse  cube  of  the  distance  visu¬ 
ally  fitted  through  the  observed  points  are  shown  on  these 
graphs.  Love  and  Rayleigh  wave  amplitudes  are  shown  in 
Figures  7  and  8. 

Attached  to  the  report  are  illustrative  seismograms 
showing  the  signals  recorded  at  a  number  of  locations.  The 
most  distant  station  analyzed  that  recorded  KLICKITAT  was 


LZ-BV  at  a  distance  of  "772  5  kilometers. 


Principal  Phaaaa 
KLICKITAT 
20  February  1964 
1 5 i 30: GO . 1Z 


Code 

Stat Ion 

Distance 

Inst . 

Magni¬ 

fication 

Ik) 

Film  x  10 

Phase 

Observed 
Travel  Ttee 

Period 

T 

Maxiauu 

Aaplituie 

TWO  II 
Pi  ret 

Magni¬ 

tude 

(■in) 

|HC) 

luc) 

A/T 

Motion 

(a) 

CU-NV 

Currant,  Navada 

177 

SPZ 

1.08 

Pn 

0 

28.7 

0.8 

1225 

C 

SFZ 

1.08 

e 

0 

29.9 

0.5 

2933 

SPZ 

1.08 

0 

30.7 

0.5 

6704 

SPT 

1.08 

Lg 

0.6 

8374 

LPT 

22.0 

L0 

10.0 

567 

LPZ 

21.5 

LR 

16.0 

192 

EK-WV 

Euraks ,  Nevada 

230 

SPZ 

2.75 

Pn 

0 

36.0 

0.55 

567 

C 

4.99 

SPZ 

2.75 

e 

0 

36.7 

0.4 

627 

SPZ 

2.75 

*9 

0 

38.6 

0.4 

4014 

SPZ 

2.75 

e 

0 

42.5 

0.6 

4550 

SPT 

2.46 

Lg 

0.7 

10.700 

LPT 

31.2 

LO 

12.0 

406 

LPZ 

3.27 

LR 

12.0 

346 

MN-KV 

Mi'  i ,  Navada 

234 

SPZ 

3.70 

Pn 

0 

36.3 

0.5 

1786 

c 

5.50 

SPZ 

3.70 

* 

— 

— 

— 

SPT 

3.50 

Lg 

0.8 

6.510 

LPT 

26.8 

L0 

10.0 

528 

LPZ 

2.59 

LR 

14.0 

396 

KM -CL 

Kramer.  California 

275 

SPZ 

4.44 

Pn 

0 

41.4 

0.6 

615 

c 

5.25 

SPZ 

4.44 

e 

0 

43.3 

0.5 

693 

SPZ 

4.44 

1*9 

0 

46.8 

0.8 

1966 

SPT 

9.33 

Lg 

C.8 

4490 

LPT 

12.7 

LO 

13.0 

277 

LPZ 

15.4 

LR 

14.0 

209 

KN-UT 

Kanab.  Utah 

286 

SPZ 

5.65 

Pr. 

0 

42.9 

0.6 

635 

c 

5.28 

SPZ 

5.65 

e 

0 

43.6 

C.5 

865 

SPZ 

5.65 

0 

47.2 

0.6 

5923 

SPT 

5.16 

Lg 

0.6 

6565 

LPT 

34.6 

L0 

13.0 

242 

LPZ 

34.0 

LR 

14.0 

219 

CP-CL 

Campo.  California 

491 

SPZ 

9.64 

Pn 

1 

08.3 

0.4 

43.6 

4.86 

SPZ 

9.64 

e 

1 

09.1 

0.6 

337 

SPZ 

9.64 

1 

19.9 

0.6 

514 

SPT 

12.95 

Lg 

0.8 

390 

LPT 

10.03 

LO 

13.0 

95.7 

LPZ 

1.05 

LR 

11.0 

360 

TFSO 

Tonto  *ora»t 

536 

SPZ- 74 

157.5 

Pn 

1 

14.9 

0.45 

20.4 

c 

4.66 

Obaarvatory,  Arizona 

SPZ-1 

38.0 

e 

1 

>«.) 

0.5 

592 

8PZ-1 

3B.0 

*9 

1 

29.9 

0.7 

446 

8PM 

M.5 

Lg 

1.2 

477 

LPZ 

2.9 

LR 

17.0 

105 

BX-UT 

Blandlng,  Utah 

587 

SPZ 

16.85 

Pn 

1 

20.3 

0.4 

2:7 

c 

5.79 

8PZ 

16.85 

e 

1 

21.6 

0.4 

17- 

SPZ 

16.85 

*9 

1 

36.9 

0.5 

1429 

SPT 

16.4 

Lg 

0.6 

1449 

LPT 

4.6“ 

LO 

13.0 

138 

LPZ 

5.1 

LR 

13.0 

168 

UBSO 

Uinta  Baain 

Observatory.  Utah 

664 

spr-io 
SPZ- 10 

10.2 

10.2 

Pn 

e 

1 

1 

33.4 

34.3 

(0.6) 

0.6 

(45.4) 

250 

c 

(5.25) 

SPZ- 10 

10.2 

K> 

1 

50.9 

0.7 

437 

SPZ 

10.8 

Lg 

1.2 

438 

LPZ 

23.5 

LR 

12.0 

105 

DR-CO 

Durango.  Colorado 

732 

SPZ 

39.5 

Pn 

9 

38.1 

0.6 

13.0 

4.83 

SPZ 

39.5 

e 

1 

40.5 

0.5 

43.5 

6PZ 

39.5 

P9 

1 

59.9 

0.6 

415 

SPT 

37.0 

Lg 

0.8 

415 

LPT 

20.0 

LO 

(17.0) 

(42.5) 

LPZ 

20.9 

LR 

14.0 

•8.1 

KL-ID 

Halley.  Idaho 

737 

SPZ 

41.5 

Pn 

1 

39.6 

0.8 

8.86 

4.68 

SPZ 

41.5 

e 

1 

42.5 

0.6 

28.8 

SPZ 

41.5 

*9 

2 

00.9 

0.4 

431 

SPT 

40.4 

Lg 

0.5 

309 

LPT 

20.7 

LO 

13.0 

108 

LPZ 

22.8 

LR 

12.  n 

177 

PI-WY 

Pinedala.  Wyoming 

809 

SPZ 

64.5 

Pn 

* 

50.4 

0.6 

47.7 

c 

5.54 

SPZ 

64  *  5 

e 

1 

51.9 

0.9 

160 

8PZ 

64.5 

*9 

2 

13.1 

0.8 

254 

8PT 

52.7 

Lg 

(1.0) 

(716) 

BMSO 

Slua  Mountain 

362 

SPZ- 3 

28.3 

Pn 

1 

57.1 

0.6 

10.1 

4.95 

Observatory,  Oregon 

SPZ- 3 

28.8 

e 

1 

$■9.4 

0.9 

28.9 

SPZ- 3 

28.8 

e 

2 

06.9 

0.6 

129 

SPZ- 3 

28.8 

*9 

2 

(».»> 

(O.t) 

(in) 

SPE 

38.1 

Lg 

i.f 

236 

LPZ 

6.8 

LO 

13.5 

103 

LPZ 

31.0 

LR 

15.0 
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Principal  Phaaaa 
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Unified  Magnitude:  m  =  log^  (A/T)  ,  +  B 


where 


A  =  zero  to  peak  ground  motion  in  millimicrons 
=  (mm)  (1000!* 

K 

T  -  signal  period  in  seconds 
B  -  distance  factor  (see  Table  below) 
mm  =  record  amplitude  in  millimeters  zero  to 
peak 

K  =  magnification  in  thousands  at  signal 
frequency 
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Pick  time  of  Pn  at  beginning  of  "a"  half  cycle. 

Pick  amplitude  of  Pn  as  maximum  "d/2"  within  2  or  3  cycles  of  "c". 
Pick  amplitudes  of  Pg  and  Lg  at  maximum  of  corresponding  motion. 
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FIRST  MOTION  CRITERIA 
TECHNICAL  WORKING  GROUP  II  (TWG  II) 


Excerpt  from  Appendices  to  Hearings  before  the  Special  Subcommittee 
on  Radiation  and  the  Subcommittee  on  Research  and  Development  <■£  the 
Joint  Committee  on  Atomic  Energy;  86th  Cong.,  2d  Sess.;  April  19-22, 

1960?  on  Technical  Aspects  of  Detection  and  Inspection  Controls  of  a 
Nuclear  Weapons  Test  Ban?  Part  2  of  2  Parts,  pp  632-633: 

"2.  Identification  of  Earthquakes 

A  located  seismic  event  shall  be  ineligible  for  inspection  if,  and 
only  if,  it  fulfills  one  or  more  of  the  following  criteria: 

a.  Its  depth  of  focus  is  established  as  below  60  kilometers; 

b.  Its  epicentrai  location  is  established  to  be  in  the  deep  open 
ocean  and  the  event  is  unaccompanied  by  a  hydroacoustic  signal  consistent 
with  the  seismic  epicenter  and  origin  time; 

c.  It  is  established  within  48  hour  .  -o  be  a  foreshock  by  the 
occurrence  of  a  larger  event  of  at  least  magnitude  6  whose  epicenter 
coincides  with  that  of  the  given  event  within  the  accuracy  of  the 
determination  of  the  two  epicenters.  The  eligibility  of  the  second 
event  for  inspection  must  be  determined  separately. 

d.  The  directions  of  clearly  recorded  first  motions  define  a 
pattern  which  strongly  indicates  a  faulting  source.  First  motions 
recorded  at  distances  between  1100  kilometers  and  2500  kilometers  will 
not  be  used.  First  motions  beyond  3500  kilometers  will  not  be  used  for 
events  of  magnitude  smaller  than  5.5.  The  apparent  direction  of  first 
motion  must  also  meet  both  the  following  minimum  conditions  to  be 
considered  to  be  clearly  recorded: 

(1)  The  amplitude  of  the  half-cycle  of  apparent  first  motion 
is  at  least  two  (2)  times  as  large  as  any  half-cycle  of  apparent  noise 
in  the  preceding  few  minutes,  and 

(2)  The  largest  of  the  amplitudes  of  the  half-cycle  of 
apparent  first  motion  and  the  two  immediately  following  half-cycles: 

(a)  at  epicentrai  distances  less  than  700  kilometers  is 
twenty  (20)  times  larger  than  any  half-cycle  of  noise  in  the  preceding 
few  minutes; 


(b)  at  epicentrai  distances  more  than  700  kilometers  is 
forty  (40)  times  larger  than  any  half-cycle  of  noise  in  the  preceding 
few  minute c. 

A  pattern  of  clearly  recorded  first  motions  strongly  indicates  a 
faulting  source  if  the  observed  motions,  extended  backward  to  a  small 
sphere  about  the  focus,  can  be  separated  into  alternate  quadrants  by 
two  orthogonal  great  circles  drawn  on  the  small  sphere,  with  the 
requirement  that  two  opposite  quadrants  combined  (i)  contain  at  least 
4  clearly  recorded  rarefactive  first  motions  and  (ii)  contain  not 
more  than  15%  compressions  among  the  clearly  recorded  first  motions." 
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Application  of  the  TWG  II  Criteria 


A  <  700  Km 


A  <  70C  Km.  Example  shows 
what  may  be  interpreted  to 
be  earlier  signal;  however, 
motion  is  less  than  2  times 
the  noise  level  and  may  be 
interpreted  as  noise. 
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Application  of  the  TWG  II  Criteria 


A  <  700  Km 
Amplitude  of  first 
3  aalf-cycles  is  less 
than  20  times  noise. 
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